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Abstract  
Two problems which rise in ionosphere measurements by using DC Langmuir probe 
onboard Mini/micro satellite are discussed. The first problem is related to the ratio of 
the conductive area of satellite surface to that of the electrode which is used for the DC 
Langmuir probe measurement.  
Insufficient surface area ratio causes the satellite potential to further negative when 
the electrode is biased to positive. This means that the potential of the electrode is 
reduced with respect to the ambient plasma. This makes the Ne measurement from 
electron current region impossible. Measurement of Te becomes less reliable, because 
exponetial potion to calculate reduces. The second issue is related to contamination 
layer which cover both satellite surface and electrode surface. Te which is measured by 
contaminated electrode is, without exception, estimated higher than the true value. 
Although contamination effects are removed by sweeping the electrode potential so fast, 
generally, the measurement becomes difficult because frequency response of the 
amplifier system does not have enough frequency bands. 
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1.Introduction 
DC Langmuir probe ( Langmuir and 
Motto-Smith,1924) is one of the key 
in-situ instruments to study ionosphere. 
It needs a counter electrode whose  
conductive surface area is at least 1000 
times larger than that of surface area of 
the electrode.  
This requirement is usually fulfilled for 
large satellites which have been launched 
so far for ionosphere study.  Now we are 
jumping into an era to use tiny satellites. 
Although a tiny satellite does not 
accommodate many scientific payloads, to 
distribute many tiny satellites in space  
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(the constellation) has a tremendous 
potential to further advance the 
ionosphere study.  However we will 
encounter serious problems when we use 
conventional DC Langmuir probe to 
measure ionosphere parameter.  
One of the problems is related to a small 
ratio of conductive surfaces of counter 
electrode to that of the electrode.  
Conductive surface area of the satellite 
for DC Langmuir probe should be more 
than 1000 times to get electron density 
from the probe current at space potential. 
Surface area of the tiny satellite is much 
smaller, or even equal to the surface area 
of electrode. As a result, measurement of 
electron density which uses electron 
saturation bias range becomes difficult, 
because the potential of the electrode 
with respect to the satellite (counter 
electrode) cannot reach ambient plasma 
potential. For the worst case, the 
maximum electron current is limited by 
ion current. Accordingly an electronics 
needs to measure low current flowing 
through the electrode. Low ion current 
very often is comparable to secondary 
electron current from the electrode 
surface. 
The second serious problem is 
associated with contamination of 
electrode as well as satellite surface. 
When the triangular wave is applied to a 
probe, current/voltage characteristic (I-V) 
curve shows different curve depending on 
the increasing and decreasing bias, which 
is called “hysteresis”. The hysteresis is 
caused by the contamination on the 
electrode surface as well as 
contamination of the satellite surface. To 
avoid the hysteresis, frequency of the 
triangular wave which is usually used 
should be increased up to 10Hz.    
These two factors make it impossible to 
use DC Langmuir probe as an instrument 
of tiny satellite. We review problems 
which appear for the ionosphere 
measurement by using tiny satellites, 
and propose ways avoid the problems to 
accomplish accurate measurements.  
 
2.Laboratory Experiments  
2.1 Effect of surface area 
So far we assumed that the conductive 
surface area of counter electrode (satellite) is 
much larger than that of an electrode. In case 
of tiny satellite, conductive area is not 
enough to apply DC Langmuir probe theory 
which assumes infinite counter electrode.  
The positive voltage which is supposed to be 
applied to a DC Langmuir probe reduces, 
because the potential of the satellite is 
automatically shifted to more negative with 
respect to ambient plasma.  As a result, to 
get accurate Ne from the I-V curve becomes 
difficult, although we can use the ion current 
to get Ne roughly. 
In order to see the effect of conductive 
area, one cube which is supposed to be a 
picosatellite (Dimension: 24cm x24cmcx 
20cm) is installed in a Space Plasma 
Operation Chamber (SPOC). Electron 
density (Ne) and electron temperature 
(Te) in the SPOC are 103-105 els/cm3, and 
1000-3000K respectively, depending on 
the working voltage of plasma generator. 
Plasma which is almost similar to F 
region ionosphere plasma is produced by 
Back -Diffusion type plasma source 
( Hui-Kuan  et al., 2014). 
3 conductive panels of different surface 
area（S1:75.08 cm2 ,S2:80.0 cm2,and S3: 
80.09cm
2） are placed on the satellite walls.  
By connecting these three panels, we change 
the ratios of surface area of cylinder electrode 
and conductive planes as 2.83, 5.82, and 
19.4 . The floating potential of the satellite , 
and the voltage which is applied to the 
electrodes with respect to the satellite are 
measured with respect to the SPOC ground. 
 A cylindrical electrode ( 3mm in diameter, 
and 20 cm in length) is attached in order to 
use for DC Langmuir probe measurement . 
The voltage which was applied to the 
electrode with respect to the satellite was 
changed from 0-3 V, and then from 3 to 0 V 
in one second as a pink colored triangular 
wave shows in Fig.1a .  The voltage of the 
electrode (for example, for the area ratio of 
2.83; green line) with respect to the chamber 
ground varies from about 1.1 Volts to about 2 
Volts almost linearly until first 0.2sec, and 
then the voltage increase slows down.  This 
statement is also true for other surface area 
ratios.  We measured floating potential of 
the satellite with respect to the SPOC ground.  
The potential keeps almost constant value 
until 0.2 sec, and starts dropping to -0.25V 
for the surface area ratio of 2.83 (green 
color) . Other two cases show almost the 
same feature.   
The behavior of electrode potential changes 
with the frequenncy of the seep voltage, and 
shows a different value between increasing and 
decreasing potential (hysteresis) due to the 
contamination of satelliet surface. Detail 
discusson will be made in a separate paper in 
the  near future. 
 
 
2.2 Contamination of satellite surface 
As mentioned above, contamination of 
the satellite surface as well as of the 
electrode becomes serious for DC probe 
measurement.  The current makes a 
closed circuit, starting from electrode, 
contamination layer of the electrode 
(parallel combination of Rpc and Cpc), 
sheath impedance of the probe (parallel 
connection of Pps and Cps), plasma 
impedance (parallel connection of Lp 
and Cp), sheath around the satellite 
(parallel connection of Rss and Css), 
contamination layer of the satellite 
(parallel connection of Rsc and Csc), then 
finally to the satellite frame. 
When conductive area of satellite is large 
enough compared with the surface area of 
electrode, Csc >>Cpc, and Rsc <<Rpc. As Csc is 
much larger than Cpc, the satellite potential 
does not change during the voltage sweep of 
DC Langmuir probe , and therefore the effect 
of contamination layer of satellite is 
negligible.  However, when conductive 
surface of the satellite (Asa) becomes nearly 
the same as that of the electrode (Apr), I-V 
curve is influenced both by electrode 
contamination , the contamination of satellite 
wall, electrode sheath resistance, and satellite 
sheath resistance.  
 
3. Countermoves for accurate 
measurements 
To measure electron temperature, Te 
and electron density accurately, Electron 
temperature probe (ETP), and impedance 
probe(Gyro Plasma Probe) are available. 
These two probes were developed by 
Japanese scientists (Oyama and Chen, 
2013). ETP applies small sine wave 
signal to the electrode to detect the 
floating potential shift which is caused as 
a result of the sine wave application. Te is 
calculated from the floating potential 
shift.  Gyro plasma probe applies the 
sweep frequency signal from about 500 
Khz to 10 Mhz (Wakabayashi et al., 2013). 
As plasma impedance is a function of 
frequency of the signal applied. Usually 
one peak (sheath resonance) and one 
minimum (Upper hybrid resonance) 
appears in the output signal. Electron 
density is obtained from the upper hybrid 
resonance. 
These two instruments are not 
influenced by electrode contamination as 
well as satellite contamination. One more 
instrument which can now be 
accommodated is TeNeP.  The TeNeP is a 
modified version of ETP. Instead of a 
fixed frequency oscillator of ETP, TeNeP 
uses a circuit which changes the 
frequency from 500 Khz to 10 Mhz.    
TeNeP is compact with low power 
consumption, and low data bit rate, low 
cost but still provides an excellent 
information. TeNeP was especially 
invented for tiny satellite mission. The 
TeNep can be accommodated in tiny 
many satellites, which will be planned for 
the study of ionosphere modified before 
large earthquake.  
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